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(54) Printer assembly 

(57) A printer (20) includes a movable print carriage 
(40) for reciprocatlngly scanning along a carriage scan 
axis, a printhead (54. 56) having a plurality of Inkjet noz- 
zles and supported by the movable print carriage, a print 
media moving mechanism (29) for moving print media 
along a media axis through a print zone (25), and a vi- 



bration inducing piezoelectric element (61) for causing 
relative vibration between the printhead (54, 56) and the 
print media such that locations along a media axis of 
dots printed by the Inkjet nozzles are minutely randomly 
varied to reduce otherwise visible banding caused by 
poor paper advance or misdirected nozzles. 
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Descripti n 

[0001] The disclosed invention relates to a printer in- 
cluding a vibration inducing element. 
[0002] An ink jet printer forms a printed image by print- 5 
Ing a pattem of individual dots at particular locations of 
an array defined for the printing medium. The locations 
are conveniently visualized as being small dots in a rec- 
tilinear array. The locations are sometimes called "dot 
locations." "dot positions," or "pixels". Thus, the printing n 
operation Can be viewed as the filling of a pattern of dot 
locations with dots of Ink. 

[0003] Ink jet printers print dots by ejecting very small 
drops of ink onto the print medium, and typically include 
a movable print carriage that supports one or more print- is 
heads each having ink ejecting nozzles. The print car- 
riage traverses back and forth over the surface of the 
print medium, and the nozzles are controlled to eject 
drops of Ink at appropriate times pursuant to command 
of a microcomputer or other controller, wherein the tim- 20 
ing of the application of the ink drops is intended to cor- 
respond to the pattem of pixels of the image being print- 
ed. Typically, a plurality of rows of pixels are printed in 
each traverse or scan of the print carriage. The particu- 
lar ink ejection mechanism within the printhead may 25 
take on a variety of different forms known to those skilled 
in the art. such as those using thermal printhead or pi- 
ezoelectric technology. For instance, two earlier thermal 
Inkjet ejection mechanisms are shown in commonly as- 
signed U.S. Patent Nos. 5,278,584 and 4,683.481 . In a 30 
thermal system, an ink barrier layer containing ink chan- 
nels and Ink vaporization chambers is disposed be- 
tween a nozzle orifice plate and a thin film substrate. 
The thin film substrate typically Includes arrays of heater 
elements such as thin film resistors which are selectively 3S 
energized to heat ink within the vaporization chambers. 
Upon heating, an ink droplet is ejected from a nozzle 
associated with the energized heater element. By se- 
lectively energizing heater elements as the printhead 
moves across the print medium, ink drops are ejected 40 
onto the print medium in a pattern to form the desired 
image. 

[0004] A consideration scanning carriage ink jet print- 
ers is the visible banding caused by poor paper advance 
or misdirected in nozzles. Such banding has been ad- 45 
dressed by software randomization. However, software 
randomization has been found to require multiple pass- 
es, wherein the number of passes increases with the 
inaccuracy of the paper advance. This significantly re- 
duces throughput. so 
[0005] The present invention seeks to provide Im- 
proved printing. 

[0006] According to an aspect of the present inven- 
tion, there Is provided a printer as specified in claim 1. 
[0007] The preferred embodiment can provide an ink ss 
jet printer having reduced print banding caused by poor 
paper advance or misdirected nozzles and print banding 
reduction that does not substantially reduce throughput. 



[0008] The preferred embodiment provides a printer 
which includes a movable print carriage for reciprocat- 
ingly scanning along a carriage scan axis, a printhead 
having a plurality of printing elements and supported by 
the movable print carriage, a print media moving mech- 
anism for moving print media along a media axis through 
a print zone, and a vibration inducing element for caus- 
ing relative vibration between the printhead and the print 
media such that locations along the media axis of dots 
printed by the printing elements are minutely randomly 
varied. In accordance with a specific implementation, 
the vibration inducing element includes a piezoelectric 
element. 

[0009] An embodiment of the present invention Is de- 
scribed below, by way of example only, with reference 
to the accompanying drawings, in which: 
[0010] FIG. 1 is a partially fragmented schematic per- 
spective view of an ink jet printing mechanism that em- 
ploys random noise vibration. 

[0011] FIG, 2 is a side elevational view of the print car- 
riage of the printing mechanism of FIG. 1. 
[0012] FIG. 3 is a bottom plan view of the print car- 
riage of the printing mechanism of FIG. 1 showing the 
printheads of the print cartridges disposed in the print 
carriage. 

[0013] FIG. 4 is a schematic perspective view of the 
print carriage of the printing mechanism of FIG. 1. 
[0014] FIG, 5 Is a top plan view of the print carriage 
of the printing mechanism of FIG. 1 . 
[0015] Referring now to FIG. 1 , set forth therein is a 
schematic partially fragmented perspective view depict- 
ing, by way of illustrative example, major mechanical 
components of a swath type ink jet printer 20 employing 
random noise vibration. The printer includes a chassis 
22 surrounded by a housing or enclosure 24, typically 
of a molded plastic material. The chassis 22 is formed 
for example of sheet metal and includes a vertical panel 
22a. An example of a printer is the Hewlett-Packard 
Company's DeskJet 722 brand Inkjet printer. 
[0016] Sheets of print media are individually fed 
through a print zone 25 by an adaptive print media han- 
dling system 26 that Includes a feed tray 28 for storing 
print media before printing. The print media may be any 
type of suitable printable sheet material such as paper, 
card-stock, transparencies, mylar, and the like, but for 
convenience the illustrated embodiments described as 
using paper as the print medium. A series of conven- 
tional motor-driver rollers including a drive roller 29 driv- 
en by a stepper motor may be used to move print media 
from the feed tray 28 Into the print zone 25, as shown 
In FIG. 2 for sheet 37. for printing. After printing, the drive 
roller 29 drives the printed sheet onto a pair of retract- 
able output drying wing members 30 which are shown 
extended to receive a printed sheet. The wing members 
30 hold the newly printed sheet for a short time above 
any previously printed sheets still drying in an output tray 
32 before pivotally retracting to the sides, as shown by 
curved arrows 33. to drop the newly printed sheet into 
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the output tray 32. The print media handling system may 
Include a series of adustment mechanisms for accom- 
modating different sizes of print media, including letter, 
legal. A-4. envelopes, etc., such as a sliding length ad- 
justment arm 34 and an envelope teed slot 35. 
[0017] The printer of FIG. 1 further Includes a printer 
controller 36. schematically illustrated as a microproc- 
essor, disposed on a printed circuit board 39 supported 
on the rear side of the chassis vertical panel 22a. The 
printer controller 36 receives instructions from a host de- 
vice such as a personal computer (not shown) and con- 
trols the operation of the printer including advance of 
print media through the print zone 25 and the Ink jet 
printing of dots, discussed further herein. 
[0018] A print carriage slider rod 38 having a longitu- 
dinal axis parallel to a carriage scan axis is supported 
by the chassis 22 to slideably support a print carriage 
40 for reciprocating translational movement or scanning 
along the carriage scan axis. 

[0019] As more particularly shown in FIGS. 2-5, the 
print carriage 40 more particularly includes a body por- 
tion 75 having a rear wall 185, a front apron 186, and L- 
shaped side walls 174. 176 that extend fonwardly from 
lateral edges of the rear wall 185 to lateral edges of the 
front apron 1 86. An alignment wall or web 76 divides an 
interior portion of the carriage body into first and second 
chambers 80. 82 which respectively house first and sec- 
ond removable Inkjet printhead cartridges 50. 52 (each 
of which is sometimes called a "pen," "print cartridge," 
or "cartridge"). The print cartridges 50. 52 include re- 
spective printheads 54, 56 that respectively have gen- 
erally downwardly facing nozzles for ejecting ink gener- 
ally downardly onto a portion of the print media 37 that 
is in the print zone 25. A latch mechanism that includes 
clamping levers, latch members or lids 70. 72 pivotally 
attached by a hinge 74 to the body portion 75 of the print 
carriage 51 cooperatively acts with the print carriage 
body 75 and the print cartridges 50. 52 to clamp the car- 
tridges 50, 52 in the chambers 80, 82. 
[0020] An illustrative example of a suitable print car- 
riage is disclosed in commonly assigned U.S. Applica- 
tion Serial No. 08/757.009. filed 11/26/96, Harmon et aL. 
Docket No. 10941036, incorporated herein by refer- 
ence. 

[0021] For reference, the print media 37 is advanced 
through the print zone 25 along a media axis which is 
parallel to the tangent to the portion of the print media 
37 that IS beneath and traversed by the nozzles of the 
cartridges 50, 52. If the media axis and the carriage axis 
are located on the same plane, as shown in FIG. 1 . they 
would be perpendicular to each other. 
[0022] The print carriage 40 further includes a pair of 
bearings 55 which slidably support the print carriage 40 
as it slides along the sikler rod 38. A vertical anti-rotation 
guide arm 81 is attached to the backof the rear wall 185 
of the print carriage body 75 and includes a slide bush- 
ing 83 that engages a horizontally disposed anti-pivot 
bar 85 that is formed integrally with the vertical panel 



22a of the chassis 22, for example. The bearings 55 and 
the slide bushing 83 provide a three-point carriage sup- 
port system; and the vertical anti-rotation guide arm 81 . 
the sIkJe bushing 83 and the horizontal anti-pivot bar 85 
s cooperate to prevent forward pivoting of the print car- 
riage 40 about the slider rod 38. 

[0023] By way of illustrative example, the print car- 
tridge 50 is a monochrome printing cartridge while the 
print cartridge 52 is a tri-color printing cartridge. Alter- 

10 natively, discrete monochrome cartridges may be used. 
[0024] The print carriage 40 is driven along the slider 
rod 38 by an endless belt 58 which can be driven in a 
conventional manner, and a linear encoder strip 59 is 
utilized to detect position of the print carriage 40 along 

IS the carriage scan axis, for example in accordance with 
conventional techniques. 

[0025] A vibration inducing element, which in this ex- 
ample vibrates at a frequency in the range of about 1 00 
Hz to about 1000 Hz, is provided to induce a vibration 
20 of very small amplitude along the media axis between 
the printheads and the print media as the carriage 
traverses the print media. By way of illustrative example, 
the vibration inducing element comprises a piezoelectric 
element 61 disposed between the vertical guide arm 81 
25 and the rear wall 1 85 of the carriage body 75. A voltage 
is applied to the piezoelectric element 61 which causes 
the carriage 40 to rotationally vibrate about the slider 
rod 38. As a result of such rotatronal vibration, the aim 
or direction of the nozzles of the printheads 54. 56 is 
30 vibrationally angulariy varied over a small angle in a 
plane that Is orthogonal to the media carriage axis. As 
a result of the vibrational angular variation, the potential 
placement of dots along the media axis is vibratingly var- 
ied over a small interval, whereby the actual placement 
3S of dots along the media axis Is vibratingly varied over 
such small interval. By way of illustrative example, the 
print carriage 40 and the piezoelectric element are con- 
figured to provide a dot placement variation of about 
6.4nm (about .25 of 1/1 000th of an inch). 
40 [0026] Effectively, this embodiment Intrcducing a 
small amount of mechanical noise into the placement of 
dots along the media axis, which reduces visible band- 
ing that would otherwise be caused by less than optimal 
paper advance or nozzle aim since the small amount of 
^5 mechanical noise vibrates the placement of the dots that 
would othenwise define the bands. It should be appreci- 
ated that the sharpness of the printed image may be 
slightly degraded in exchange for reduced banding, and 
vibration inducing element may be selectively enabled 
so and disabled. 

[0027] While a piezoelectric element is disclosed as 
the vibrational noise introducing element, other appara- 
tus such as a small electric eccentric motor (frequently 
used in pagers as a silent vibrator) can be used. As 
55 shown in FIG. 4 by way of illustrative example, a small 
eccentric motor 161. schematically depicted in broken 
lines, can be conveniently attached to the wall 174 of 
the carriage body 40. Operation of the motor 1 61 . which 
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includes an eccentric load or mass 161a, causes micro- 
rotation of the carriage 40 about the slider rod 38 which 
in turn causes micro-displacement the placement of the 
printed dots. 

[0028] The foregoing has been a disclosure of an ink 
jet printerthat advantageously utilized mechanical noise 
to reduce banding caused by poor paper advance or 
misdirected ink jet nozzles, and more generally of a me- 
chanical print banding reducing technique that Is readily 
adapted to various printers, 

[0029] The disclosures in United States patent appli- 
cation no. 08/985,641. from which this application 
claims priority, and in the abstract accompanying this 
application are incorporated herein by reference. 



Claims 

1 . A printer comprising: 

a movable print carriage (40) for reciprocatingly 
scanning along a carriage scan axis; 
a printhead (54, 56) supported by said movable 
print carriage and including a plurality of print- 
ing elements tor printing on print media in a 25 
print zone (25) ; and 

a vibration inducing element (61) for causing 
said printhead to vibrate relative to print media 
in the print zone such that locations along a me- 
dia axis of dots printed by said printing ele- so 
ments are minutely substantially randomly var- 
ied. 

2. A printer as in claim 1 , wherein said vibration Induc- 
ing element (61, 161) is coupled to said print car- 35 
riage (40). 

3. A printer as in claim 1 or 2, wherein said vibration 
inducing element (61 , 161 ) is operable to vibrate at 

a frequency In the range of about 100 Hz to about 40 
1000 Hz. 

4. A printer as in claim 1 , 2 or 3, wherein said vibration 
inducing element comprises a piezoelectric ele- 
ment (61) or an electric motor (161). 4S 

5. A printer as in any preceding claim, wherein said 
print elements comprise ink jet nozzles. 

6. A printer as in claim 5, wherein said vibration indue- so 
ing element (61 . 161) is operable to vibrate said ink 

jet nozzles rotatingly about an axis parallel to the 
carriage scan axis. 

7. A method o! printing with a printer which comprises ss 
a movable print carriage (40) for reciprocatingly 
scanning along a carriage scan axis and a printhead 
(54, 56) supported by said movable print carriage 
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and including a plurality of printing elements for 
printing on print media In a print zone (25); the meth- 
od including the step of causing said printhead to 
vibrate relative to print media in the print zone such 
that locations along a media axis of dots printed by 
said printing elements are minutely substantially 
randomly varied. 

A method as in claim 7, wherein said printhead is 
caused to vibrate at a frequency in the range of 
about 100 Hz to about 1000 Hz. 
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